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Final Report to the United States Navy Office of Naval Research on

Contract No. NOOO14-77-G-006

This report covers work completed at Southampton only during the

period January to October 1983, Although it would have been valuable

to collect the output under our ONR contract for the whole of its

duration, it will be clear from this document that the product of this

research programme has been so extensive that it is essential to

restrict the scope of this report. It should, therefore, be read with

our earlier periodic reports.

The format adopted is one we have used before as follows:

i The work covered is included under three distinct, and to some

-tent unrelated research effort areas, vis:

,,,. An exploration of the use of in situ techniques in completing

molecular analyses of working electrode-electrolyte systems.

This field embraces!,

Al. >X-ray measurementi ,(Prof. M. Fleischmann and Dr. J. Robinson)

A2. Raman studies*(Prof. M. Fleischmann and Dr. P. Hendra)

.and -A*-- Infrared methods,Dr. A. Bewick).

B B) A long term investigation of the properties of microelectrode

systems (Prof. M. Fleischmann), and

( C) A study of the role of molecular entanglement in dictating the

properties of polymer solid Dr. P. Hendra).

C
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'n each area considerable progress has been made and we therefore

offer as a report a set of abstracts of papers either already

published or to appear in the very near future Many readers will

find some of these papers of potential value.ihere this is the

case would they please write to one of the principal investigators

expressing their interest in particular papers and photocopies or

reprints as appropriate will be mailed to them promptly.
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RAMtAN SPECTrROSCOPIC AND X-RAY DIFFRLACTON STUDIES OF

F.LECTRODE-SOLUMIN INTERFACES

WFLEISCHMANN. P. G;RAVES. 1. HILL. A. OLIVER and J. ROBINSON

Chemosiq Department. CUniversity of Southamwpto. Southamptoni S09 SNH (ER giandj

(Received 29t July 1982) ~

A-i ASRC
Surfacse-nhalced Raman scattaring (SERS) of adsorbed water species has been obtained at roughened

Silver electrodes. these1 spades ate always coadsoibed with anionS. The Spectra obtained with Adsorbed

cyatnie and iodide ions are used to illustrate this behaviour. For the latter system it is shown that the

water molecules seen by SERS are in the solvation Shella of the Alkali metal counterions. The spectra due

to coadsotbed water, chloride and pyridine pd*'reinterpreted and it is shown that the potential

dependence of the spectra correlate with cbanges in the differential capacitance prelimizary datit for

SERS on palladium electrodes ame also gpvatt.

it is shown that whereas Raman spectra Sive information about the Short-range order and environ-

ment of species adsorbed at 4acrodez.soluio interfaces, in sins X-ray didfraiie mesirmet

(IN SEX) give information about the !onger-range order. Measurements Are illustrated by the 'PID of lead

on silver and it is shown that there again the change in stucture of the solvent in the interface may be

observed.

E:,~i, cz-j7,. . Laiu.3nne - P;:nteJ i Th. crf~z:J

A RAMIAN SPECTROSCOPIC STU~Iy OF TMIOLRE. ADSORBED ON
SILVER AND COPPER ELECTRODES

%I FLEISCHi!.ANN. I R. HILL a.%2 6. SL'4LHOLM-,

* ABSTRACT
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© (A RAMAN SPECTROSCOPIC INVESTIGATION OF THE
ELECTROPOLYMERIZATION OF PHENOL ON SILVER

ELECTRODES

A- Z M. FLEISCHMANN', I. R. HILL', G. MENGOLI
Z and M. NI. MSANZ

'Department of Chemistry. The University. Southampton S09 5NH, U.K.

'lstituto di Polarografia ed Elettrochimica Preparatia del CNR. Corso Stati Uniti. 35100 Padova, Italy

(Receitid 22 February 19831

Abstract-The characterization of the electropolymerization of phenols on siler iboih in the presence and
absence of aminesi shows that the process is closely similar to that obscr.ed on iron. Raman spcctroscopy
shows that amines displace phenoxide ions which are adsorbed fiat on the substrate. This displacement of
phenoxide by amine explains the formation of thick protectie films.

Volume 97, number 4,5 CHEMICAL PHYSICS LETTERS 27 May 1983

01

SURFACE-ENHANCED RAMAN SCATTERING FROM SILVER ELECTRODES:
POTENTIAL AND CATION DEPENDENCES OF THE VERY.LOW.FREQUENCY MODE

A 2. M. FLEISCHMANN, I.R. HILL and J. ROBINSON
Department of Chemistry, Ahe University. Southampton S09 5NH, UK

Received 13 February 1983; in f'nal form 25 March 1983

The very-low-frequency mode observed in SERS experiments near 8 cm- t is shown to shift both with the nature of
the cation and with potentiaL The aulgnment of this mode to acoustic vibrations in the metal is discussed with respect to
the chmica spcifcitY of the shifts.
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THE SYNERGETIC EFFECT OF BENZYLAMINE ON THE
CORROSION- INHIBITION OF COPPER BY

BENZOTRIAZOLE

A -Z M. FLEISCHMANN, I. R. HILL

Department or Chemistry, The University, Southampton S09 SNH, U.K.

G. MENGOLI and M. M. MUSIANI

Istituto di Polarografla ed Elettrochimica Preparativa del CNR. Corso Stati Uniti. 35100 Padova. Italy

Abstraet-Passivating films, formed by the anodization of copper in alkaline benzotisizole (BTA) solutions
have been investigated. Addition of benzylamine to the anodizing solution was found to lead to much faster
passivation and greater corrosion resistance in aqueous chloride. These passivating films appear to consist
mainly of a [Cujll)BTA2I. polymeric network.

A RAMAL-N SPECTROSCOPIC STUDY OF QUINOLINE AND
ISOQUINOLINE ADSORBED ON COPPER AND SILVER ELECTRODES

O M. FLEISCHNLANN 1.R. HILL =sd G. SUN\DHOL.%'

DtParrmfmt Of Che'"Iss", UnsoCPz1Y qf SouthOO'npoi. Southampton S09 SNHJ (Great 317ai

(Recewed 19th January I983; ins revised form 6t" April 1983)

ABSTRACr

The adsorption of qwnoLine ansd isoquissohne. examples of one class of organic additives with possible
applications in copper rfinng on silver and copper electrodes in 0.2 Wf K.,S0 4 and 2 M H , S04 has been
studied using in situ Ramnan spectrocopy and elfctrochemical measurresa.u

The results show that the adsorption of the quanolin is KSO4 solution depends on the potential
with respect to the p.zLc. of the metal. The effecifisoted are more pronounced i the case of isoquizosne.

Io 2 -W H2 50.. the results slhow that the qwavoline ions form soe pairs at the electrode surface. The
changes in the SIMS spectra on addition of Cl - to the solution clearly indicate a displacement of SO., -
by Cl -to leave A quincliniurn-chloride surface complex. It is concluded that addau of the type studied

are 1skelv to be adsorbed as ion pain in adic plastig bathe.



J. EksctioanaL Chem., 146 (1983) 353-365 353
Elsevier Sequoia SA., Lausanne - Printed in TheN cteherlands

© SURFACE ENHANCED RAMAN SCATTERING FROM SILVER
ELECTRODES: FORLMATION AND PHOTOLtYSIS OF CHEMISORBED
PYRIDINE SPECIES

ME. FLEISCHMANN and J.R. HILLA - Departmn t of Chemistry. The Universty, Southamnpr,- S09 SNH (Great Britain)

(Received 26th July 1982; in revised form 12th Occb 1982)

ABSTRACT

An investigation of the nature of the adsorbed srevcs at a silver electrode surface in aqueous alkali
halide solutions containing pyridine has shown t!.st both strongly bound Lewis acid coordinated
(cliemisorbed) pyridine and weakly bound (physiscrtbed) pyridine are adsorbed at the interface; the
conditions for the formation and destruction of Lte chemisorbed species have been defined. In the
presence of specifically adsorbed halide the physisorted pyridine has been found to be in equilibrium with
an adsorbed form of water.

J. Electroanal. Chem.. 146 (1983) 367-376 367OElsevier Sequoia S.A., Lausanne - Printed in The Nethierlands

THE OBSERVATION OF SOLVATED METAL IONS IN THE DOUBLE
LAVER REGION AT SILVER ELECTRODES USING SURFACE ENHANCED
RAMIAN SCATTERING

A -2Z 1W. FLEISCHMANN and J.R. HILL

Department of Chemistry. The University, Southampton S09 5SH (Great Britain)

(Received 2nd August 1982)

ABSTRACT

The SERS spectra of water observed when halide ions are adsorbed to roughened silver electrodes is
shown to be dependent upon the nature of the supporting electrolyte cation. This cation dependence as

well as the potential dependence for any gisen cation are interpreted as being due to the progressive
desolvation of cations with increasing radius and with increasingly negative potentials, the cations being

adsorbed as solvent separated ion pairs.
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Th"e effee ot Triton* an the electropolynerisetion

An Investigation of Cu Acetylide Films on Cu ElectrodeS:of phenol; 8a inveitigatiol of the Sihleeion of

Oastilgs using surface enhanced Raman scattering(SERS) r. Electrochemical and Raman Spectroscopic Analysis of

5. egoll, N.M. Musiaui and S. Poll, the Film Formation

Istituto d Polarografia *d Elettrochic& Preparative by

el CYR, Cors* Stati Uniti, 35100 Padova, Italy.

L.M. Abrantee ,- Flelschmsan. .R. Hill and L.M. Peter,

W. rlelschman and I.R. gill, Department of Chemistry, Department of Chemistry, The University, Southampton S09 SPI,

-he University, Southampton S0 5NH, U.K. Great Britain

M. Mangoli and G. Ztti,

The physical properties and adhesion of protective Istituto dt Polarografia Od Klettrochimica Preparative del ChR,

-.n-e-uodlied polyoxyphenylene coatings, electroformed 
Corso Stat oiti, 35100 Padova, Italy.

Abstract

=4--situ onto metal substrates, have been found to be greatly

- ._r,-ove4 by the addition of small quantitiea of the surfactant The synthesis of copper (1) pbs"Aacetylide films

7r--:on to the electrolyte. The r~le of Triton is investigated directly onto a copper substrate from solution is des-

.. -g infrared and Raman spectroscopic techniques. Triton is cribed. Films of controlled thickness may be grown

f z to be present both at the metal substrate surface and electrochemically. Raman spectra of adsorbed phenyl-

itspersed throughout the polymer, becoming chemically bonded acetylene (surface enhance) and of the film (resonance

t* Lhe polymer after curing in air. enhanced) are also reported.



Simultaneous Raman Snectroscopic and Differential

Double Layer Capacitance I'easurements of Pyridine

Adsorbed on Roughened Silver Electrodes

by W. Fleischmann, P.R. Graves, I.R. Hill and J. Robinson

Department of Chemistry, Toe Universxty, Southampton S09 SN

Abstract

It is shown that differential double layer

capacitance data can be obtained simultaneously with

the recording of the Raman spectra of adsorbates at

a roughened silver microelectrode. The use of such

data to provide information about the structure of

the silver electrode/aqueous KC1(O.lM)/ pyridine(O.1*4)

interface is demonstrated.

I,



Submitted to J. Phys. Chem.

The Use of Platinum %icroelectrodes for Electrochemical

Investigations in Low Temperature Solution-Solid Eutectic

Mixtures and Glasses of Non-aqueous Solvents.

A.M. Bond , M. Fleischmann and J. Robinson.

BDepartment of Chemistry, The University,
Southampton S09 5NH, England.

On leave from Division of Chemical and Physical Sciences,

Deakin University, Waurn Ponds,

Victoria 3217, Australia.

ABSTRACT

Platinum microelectrodes of radius less than l.m enable

steady state voltammetric measurements to be made at temperatures

down to the freezing point of the solvent (eutectic mixtures) even

in the absence of supporting electrolyte. At lower temperatures,

where the "glass" phase is formed, voltammetric measurements can

still be made in the absence of electrolyte. The possibility

of making such measurements using a two electrode configuration

results from the very low Ohmic iR drop associated with the use

of platinum microelectrodes of such small radius. Data are

presented for oxidation of ferrocene in acetonitrile at tempera-

tures from 25°C to the temperature of the solution-solid eutectic

mixtures and in an acetonitrtle "glass" at -78°C. Measurements

on the same oxidation process down to the temperature of the

acetone and dichloromethane eutectics are also oresented. The

combination of electrode radius . ln and low temperature glasses

should facilitate studies in electron transfer unhindered by

chemical reactions following the charge transfer

Ii



Subaitted to J. Electroanal. Chem.

Voltammetric aeasurements using microelectrodes In highly dilute

electrolyte solutions: theoretical considerations

A.M. Bond , M. Fleischmann and J. Robinson.

Department of Chemistry, The University, Southampton 509 5NH, England

On leave from Division of Chemical and Physical Sciences,

Deakin University, Waurn Ponds,

Victoria 3217, Australia.

Abstract

It is shown that the steady state voltao.metrlc behaviour

of uncharged substrates for the unusual conditions of highly

dilute support electrolyte can be simply determined by using

spherical mlcroelectrodes. Ohmic losses are small and calculable

so that simple tko-electrode cells can be used. The reverse

process of the discharge of an ion of the dilute electrolyte is

not syowetric with respect to the vOIt3V!.etrv of Jncared s'b-

strates (due to iration effects) but again leds to 3u nple

voltammograss. Tte use of electrodes of small ditenstlns there-

fore opens the aay for the study of a vide range of ow syqt-s

rI



Volume 95, number 4,3 CHEMICAL PHYSICS LETTERS 1 I

A-2
RAMAN SPECTROSCOPY OF PYRIDINE ADSORBED

ON ROUGHENED P PALLADIUM HYDRIDE ELECTRODES

M. FLEISCHMANN, P.R. GRAVES, I.R. HILL and J. ROBINSON
Department of Chemistry, The Uniyersiy, Southampton S09 5NH, UK

Received 8 December 1982

SERS spectra of pyridine and CO adsorbed on roughened A PdH electrodes have been obtained. The potential

dcnce is shown to be similar to that at a silver electrode. The method for obtaining the roughened electrodes is cr

appears to require chemical control of the redeposition of palladium metal.

Subme! to J. Elec:rtanal. C.e:.

-he A 1:ca::t of '!,crceectr des to -he S!:v :o Hoeeos

Processes Couied to tlecttcde React:ons. Part I EC' and CE

Reactions

M5. Fleschtann, F. Lasserre, J. Rob:nson and D. S.an

DePart-ent of Chenis:ry, The Umi'ers-ty.

B oaoptom 5,9 5NH. Z:ind.

. RtoInS . Depar -ent cf Physics,

"'arwc' versty, Coventry CV4 .AL

Abstract

A new technique for the determination of the kinetics

of fast first order, or pseudo first order. hc=ogeneous

chemical reactions coupled to heterogeneous electron transfer

reactions at electrodes is presented. This technique

involves the recording of steady state current voltage curves

at finite disk microelectrodes and an analysis of the liniting

current in terms of a spherical diffusion field. To de=onstrate

this approach, platinum microelectrodes of radii In the range

0.3'= to 25,-a have been used it a si=ple two electrode con!igura-

tion to study a ce reaction, hydrogen evolution from aqueous

acetic acid solutions, and an ec reaction, the oxidation of

ferrocyanide in the presence of snidopyr:ne. In both cases

the derived rate constants agreed closely with those obtained

by other more conventional seems.



Submitted to .1. Am.Chem. Soe.

Electrochemistry without a supporting electrolyte In non-

aqueous solvents using platinum nicroelectrodes.

A.M. Bond I , . Fleiachmann 2and J. Robinson2

Department of Chemistry, The University,

2Southampton S09 5NH. England.

Division of Chemical and Physical Sciences,

Deakin University, Waurn Ponds, Victoria 3217, Australia.

ABSTRACT

Restrictions placed on applications of electroceeistry

by the perceived need to add an electrolyte may be overcome in

the Case of neutral molecules by the use of microelectrodes.

In this work the osidation of terrocene to the ferrocinlum

cation at Platia. a microelectrodes of radius 25 to 0.3 .n is

reportad =~Cer steady state conditiOns in azetonitrile Wittout

a supporting electrolyte. A two electrode rather tmma potentlo-

stated three electrodea measuring system must be used to miniaiza

prOblcn-s siaciated *Ith r.cise. With aa electrod!e vaius of

25 'm 204 10- 3 [ ferrocine concentratioCS, the liff.Aion controlled

linitlzg current is eiiontially the saz~e (slijflt caan~e 2.1 diff'ssi~n

coefficien-t) Is in the presence of electrolyte. Ho.ever. the srap.

is distorted by ;cimic iR drop. With ralti less thin I mn and/'or

.At loder conceatrations -if fer~uceae, iLl .rcp -icts ire great!/

mnLnz4I and canvontio.ial d,,c tuc:-axcal lAta ire ;ttai.ed Ln

the 3!3senca of any celtberateLy added eie~troiyte. la princip~le

thij oxidatiuo process iho;Ld --a studied utier conditions rf the

theoretically intereattid oze-ioan probius. but soaz: .cLci3l

reicti-n with traces of vater. othar lepurittes, ir the rInvent

Lielf. are telteved to prol1-ce condiltions tq..vialont :0 the preset_:G

of W2. e.'trezeiy 1-ilute iupporstn alectr.'lize. !he pro); ised

:.*todolog/ 1ased on -he u:.e o! zticroeioctrodes sli-aull Lcad to

A'.)t'CtiC39 Uf -?i trOc1%en=itrj in fie.Ij such is =,rc2.oInj of

ctomlitt r-tacti,n in hidh rostitance or;.%nic solvents, ti!siArtont

Of difQ-!0ef(Lcient:1 and other Jita It zer.o ionic itrvncft. sal.

A~n an1Lity In saaltytl...l .;'~ t j to i*e 'aI2.troU'hs=x Al JeteC-
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A STUDY BY ELECTROCHEMICALLY MODULATED INFRARED
REFLECTANCE SPECTROSCOPY OF THE ELECTROSORPTION OF
FORMIC ACID AT A PLATINUM ELECTRODE

A -3 B. BEDEN *, A. BEWICK and C. LAMY

Department of Chemistry. Unacersity of Southampton, Southampton S09 5.VH I England)

(Received 31st August 1982; in revised form 24th November 1982)

ABSTRACT

EMIRS is a new spectroscopic technique which has been shown to be %ery useful for the in situ"
identification of adsorbed species at the electrode-electrolvte interface.

This work is a first attempt to compare the qualitative results given by EMIRS to the quantitative
determination of the adsorbed laser. as obtained by conventional electr chenrust.

Systematc investigations of the influence of the electrochemical parameters on the spectral character-
istics have shown that the so-called CO species, which are detected by EMIRS dunng the chermsorpiton
of formic acid on a Pt electrode, are the doninant species over a large potential range during %hich the
coverage reaches a maximum and constant value.

J. Electranal ChemL. 150 (1983) 505-5i'1 505

Elsevier Sequoia S.A.. Lausanne - Pnnted in The Netherlands

A COMPARATIVE STUDY OF FORMIC ACID ADSORPTION ON A
PLATINUM ELECTRODE BY BOTH ELECTROCHEMICAL AND EMIRS
TECHNIQUESA-3
B. BEDEN

Laboratoire de Clmie I. Electrochgniie et literacttoois. Uittrsie d P itiers. 41 )ticnue Ju Rect tur Pmieau.
8605 2. Potiers (France;

A. BEWICK

Chemistry Department. The L nierstv. Southampton SOO 5,VH (Great Britiain)

C. LAMY

Laboratoore de Chimte I. Eletrothimte rt be,'era ncow. Lisrvo e Poitterv. 41) a eut e Ju Reit etir P;.'eaut.

860..' Pomters I Francel

(Received 16th August 1982; in revised form 3rd Januar. 1983)

A BSTRACT

In order to make the IR reflectance pectrocopv quantitativ,. the variation of the elevtrothmi.ill,
modulated infrared reflectance vpectrum characteri tis with the electrode potential is explored. compara.
tvel to the variation of the Jegree of coverage of a Pt electrode h,. adsorbed intermediates, as
determined h- conventional electrohemical method.

WIN~4



Surface Science, in press.

An Infrared Study of the Electrosorption of

Isotopic Mixtures of CO on Pt

A. Bewick and M. Razaq

Department of Chemistry

SA Southampton University3 Southampton, S09 5,H

England.

J. W. Russell

Department of Chemistry

Oakland University

Rochester, Michigan 48063

U.S.A.

Abstract

Infrared spectra of 12CO - 13CO nixtures adsorbed on polycrystalline

platinum electrodes from IM H2SO4 solutions have been obtained by EMIRS,

electrochemically modulated infrared spectroscopy. Spectra for variable

12CO - 13CO ratios at constant saturation coverage and for fixed

12CO - 13CO ratios at high coverage show a single bipolar EMIRS band

indicative of a highly coupled system. Lower coverage mixed isotopic

samples with greater than 30% 13CO produced spectra with two bipolar bands.

A simple three parameter model for calculation of infrared band contours

was used to determine whether dipole-dipole coupling or through-metal

vibrational coup' i -ore important. The observed spectra were best

explained by a . l with coverage independent force constants;

thus contribution irough-metal vibrational coupling appear less

important than dipole-dipole coupling. The essential differences between

the coverage dependence and the potential dependence of the spectra supports

this conclusion.



ilrectroanal.Chem., *in press.

" COMPARATIVE STDY 0F FORMtIC ACID ADSORPTION ON

" PATINUM ELECTRODE BY BOTH ELECTROCHEM4ICAL ANDA3

B. EDEN", A. DEWICK * and C. LAM4Y*

Laboratoire de Chimie l.Electrachimie et Interactions, Univerjitd de

PoitieradO0 avenue du Recteur Pineau, 86022 POITIERS (France)

stsChemistry Department, The University,SOUTHAM.PTON S09 SNH (Great Britain)

ABSTRACT

In order to makea the IR Reflectance Spectrosczpy quantitative, the

variation of the X.i4.I.R. Spectrum characteristics with the electrode potential

is explored, comparatively to the variation of the degree of coverage of a Pt

electrode by adsorbed interttediates, as determined by conventional electrochemical

meth~od.

Infrared Spectrum of CO on a Platinum Electrode In Acidic Solution

.141W. Ait@fl.

Doper"-. of oftemia" Osiane a~.Oara',Ad, e

and Alan ftioicl

~esW1ofae S"." e.o sf# W.1 3-arianwi Loy" 04-- ha.t " .FM _ 11:

Polarizatin-modulated infrared reflection absorptioin spetrmonps ho- been used to measure the spectrum
of adsorbed Co0 ena platinum electrodemi btt I M K.So. anid I M tW10, saturated with CO g"s Tho, is
the fui direc measurenient of the infrared band of adsorbed CO wl an octiso electruder and detinirvels es4thlolses
the dependence of the band was pounber on electrode potential s the primai sgou.rce of the unsa bisignote

bwAd previoulyr tbserved with electrode-mnodulated infrared spectroscopy



J.Electronl.Chf.. 139. (1982) 203.

On the nature of reduced CC 2, e n IR

Spectroscoric Investigaticnf

a. Beden A.Bewick. M!. Raa and .J. Weber

Department of Chemistry.

University of Soutliampton,

Southamp'tonl E09 5NH

England.

*Latoratoire de Chirnie 1.

EleCtroChim~ie et Interactiovs,

Lniversitg ce roltiers.

65022 Poitier~.

F rance.

.Czechoslovak Acadcf- of -,-c.vnfcuS

The J. Heyrovsky 1rftiLute ofr1Sc, 'w'*'ty

and E1.pctrochrintry.

Czechc~ Iova'ki
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g-Si'n INFRARED SPECTROSCOK~OF THE
ELECTVlODE/ ELECTROLN-M SOLUTIN IMlERHASE
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t.MhODULttON

The spectacular progress made in recent years in studies of the structure of and
ad~orption at the mctal-'vacuusiintmerface using Structure-sensitive. tpectioscoptc
methsods is no% beejnsogl to he matchrd for the eleetrode/electroyte solution
snterpbhise b'. the developnizat of in-situ spetroscopy methods to comple .hent the
ex-sa. high vacuium tvchriques. The aci~tvezttts of Surface EnhancSd Ramn
Sptctrosccpy, SERS Ill. are well known and now exvertial specular reflectance
ird~aied spe,trowopy is firmly established. Thus. irneracton betweer. electrochers-
issrv and osher ascs of surface science is possible at a level which provides the
greatest progres.s to the undrstansding of the structure and orientation of, and
bt;,nding in. adsorbed species as well as their tnteractions Withs the surface and with
one another An ads'an-le unique to electrochemistry, the ability to use the
electrode potential to "fin-tune" the eiesuiron properties of the atomos in the metal
surface. car, be of constierable assstance in unrare!Unsg problems contsected with
ssrfa~e/adsorbate slid adsoroate/adsrbate interactions and helps to Compensate
fi the special problems presented b) electrochiemical systems
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Infrared Spectrum of CO Adsorbed on a Platinum Electrode
@ J" W. RWOO.lA

04-iai W f Un s 7 2 iiw-s -
Mark Sea nm. Karin S eMe. dae Oveornd,"

and Alas buw"k

f'eA'e'u - Orose Ss.*ttt.VW 0-1i'n Sda-0 " ,a s p4 age~ A,,. 16 1942
Inna Far. Leemn inas ~~

Pulanzati',n-mtdulaied infrared reflection-shurption spectrtaop hiss been used to measure directly the infrared
spectrum nf CO adsorbed on the surface of a platinum electrude in the preence of an elect rclyte, either I MI
HSOur I NI HCO, The band due to the CO-stretchLng vibrutton bha been found to shih soth applied potent il
m-v ing to higher %aenumber so the electrode p tentul is made more pustie The hand thare and the bt.d
area remain eisentally unchanged when the potential n changed over the range I 5r4y mV ,NHE) The re-it.
ace interpreted so evidence that. in the te of CO on P. there - a oagtsficant contribution toc cierar-depend t
shifts from electrochemical interactions betwieen substrate and adsorbate

El-wtsr Sric u S A Li-att- Princd tn The %rihvl.ns

INFRIARED STUD% OF ADSORBED SPECIES ON ELECTRODES:
ADSORPTION OF CARBON MONOXIDE ON P1. Rh AD A,

S BEDE%. A BEICWK. K KtNLttATSL .nd C LAsj "

ABSTKIA( I
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C . lodrge|d hr.,tedii mnltlrrx~ndei (- spe-is are IrI present ted delnied al 00c i s. .l ta'II~lqrn
cn- 'i Rh and hift em 

n 1AoI1i CO: j iroed f's CO enidnire it delusid eWar 2.01 cut *at s ol s l e s I t 1 63s % Is ,
SHE)

W1116 -



0.-. 41u

-~~ -~ CL04

cc C C L1- '.'

4/.2. 0 wo4W-W 0 )
CL4 -1.21

Q OD 10 10 10 C 11 '
a..'. UC) 0 . r-~w 01 (1U

4, 3-a aV' E U4 C . 0 w 0'

0, to4a n~ 0 'S 0 01 '4 4

E.4 .CL , c U 0 U 1 C' - 41 L. ' D.
A_ E: 0 1 '.- 0 oL . I 4 - .D a. 0 C

0 140' d- 4' u c > U T- c N 00

4fa13CJ OIC 0 zaU, 1 0 UN ,41(

4-i cc. m04 41 (.4, . L4. WW 1 .1C )4M44UI. ..' -Eo 0 0 (.~j ... 0, >0 Ca

'.4 ,012E0 '2 ! . 0- a .'. >- 4. 04 4, 0 :

.0 A'~..o 4.4 >l 4- , wn C Q, (a. ,lC.) o

41, *- 2 O - - 0 ~ 4. ' 4 4 4 1 - 0 01 1 . 4 10

%-. GO-- m 4 Q'. CL( 0 wC. 0 0 InC04 44 0 0 *04a. 0 w u'J-.l 4 WV *.4 .4., 0* 4 CC*. 1 =4 2 -. v4 x' 7Z U U 0 C , a'] 0 .1

66 c E .0 64 w *.- a. m. 44 4- .1 )0 01 4 . C - a U '4 . .

v 17 u4C 0 4 O Z X14 1 -. a -u0u a 0 00 -

C a v to , 390 m'J-C~- To.04144 C IL '341
co ' . 4 4 0 - 1 4. C,44 a4 .. ' 0 . 4 0. . 44

Z '. - 00C 42 V) 1.a
4  

4'04 4 r 4 4 It,4,'
C,2 04 4) 4 .4 c0 ll6- 0 0, c 1 2 c- 6. 14U a -

CCL 0 T 4/0 .1 a.C 1)c m .o: U) aa 0444400

U. 0 0404 c.... -'0 4 0 44 4'. 0 2 00L. 41 C0 - 0

4- 0 a. a. r'.' w 0 w .4)C C.Q aV4 C 4 .% - 0 c r a -wi.' 4E . C r -- .4 ~ ' 4 r ~ 1

0) 6 0 -4 00 4P4 --- . 1 - U~ 044 W C 0 4C

C~~ (A U.. a.1 U4 4..-4 0U '441401a a 0 C

o W 4.'.0 a t4 .-.2 .w .al ( .. 4.4 '4 -4.l

.0 -C 40304o- (v (5 O4U14,U4001
)~ 4 4' . c~.. u u.

I- C)I A0.4.0.L..01104 ) < .I14

an~~ ~ 04 04 a43 .'. -

0 a 0 S.

44 0L 44 0

u 00 0 4

a

0 43 04 r.04

0
- r

'.IV '. V 4

0 00 m C
01 .CL 14) 2 0 '

04 0 U, r00

w 0% so 0-4~

00

V 0 G 4 A 4 0

W 0 A



Z '4 U * 0 0 4

U m C6 a a. 0 4 14 .

E 0 0 be a a 1 1
-. U . c 0 v 01 . ., 0 ff

0~~~~~~ u4 14 04 4 4 4 14 -
A.C L 0 04 4 A 4 4 4 4 - a

m4 A Ao - 2. P . 0

a 1) .0 4r -

* U n 1 A - .0 0 06~
o~~~v lo a . . ~

A . A A 0 * A6 0 0 N A A 4

o~z a 0
4 ~ 1 A U 04,4 a u 44 a o ..

* A A14 1 14 a '4 0014 4 . 0 4 U

0A. 06 A 4 4 4 A 4

0 0 L A. 443 a I- ft 4 0 1
W. Is 0 a . .n 14 .

- , 0 . -4. a 44 01 10 4 1

U0 0 0m A4 A & 4 N 1 ~ U U .~' A A

o 44 U U . U . w .4.4 0 - 4 . 0

-4~ ~~ ~~~~~ 0 4 . 0 4 1 4 A ~ N U 4

44 1 4 0 u 0. 4 A U U 0 . 4 1 4 A 1

14 U A .4 0 .4 ~~~a 0 A 1 4 ' 4

A. A 4 A . ' 14 - 1 . a0

.0 44 1 4 0 06 14 U 4 .4 A .4

44 a U A 4 a i
AU

14 U . 0 4 0

' 4 4 4lee . a 4 .4 u 0 Av N 1

344

.. ~f M
O 14 4 A A A C

- 4. - 14 4 A, 4. - 006
A 06 - ~ - 4

.4O M4-L 4 .



C=RY-Z:ALL'-Z:: -'FR: Cr-:::; CF ZVELS II EFFC

J.Vie. .. enira and a.~iz3 3 ~J

Th-2e~i~. ttmingis an inp :ortant fatricatfcn

;e-: ~ ro:-oin& a Variet C',Sr-

an- se t:::s . c t' . e r r:es s c o.:n E i3

reas~nU-; ~e~r. j 4 5 -- A ' tn-e c::eroiallr r'tan

poy~rs.it s otenfoun! that for a given t-ter::piaSt±:.

s -- -c--" nt an: rcprO'''2tl n' u'4n; cr

zrc~et~es is 4ecrer:anoy -,ay te 4: e to

' he zrocessin' e'i an n ,cr

fa,-rto c,:nS-*er is tne natur- -f n

-- '4 ~ ~ o -- c7rte a ~s ;y' r soon as

4 fenn- - r - a -z -et of fusoon. ai ic

C" v3r~ --3 t .r7eratur e, c --ial- StaitJlity. et C

-re-d in =%cn c2s -- -------

fte rerf =z z~c y ei r- n r I n-

4 - are - - --- - - -

s-s. tee

-t is :':sr l. -- . . - Ji . -



observed in both glassy an~d sezicrystalline polymers.
The high degree ofrmolecular orientation in the skin is
thought to cause di~ensicrnal instZbilty an~d prenature
fracture under impac t and flex-ire- .

In an attempt to pro~uze a solid specimen under
con~ditions which are as fully as possible contrciled
and understood. we have devised a laboratory experiment
where a poly:er is flowed under well ccntroiled cornditjcns
thr-:u~zh a cylindrical cacillary die then snliiified
*cy cooling in a reproducible manner.

.nis :ap-er describes the effect cC zc:1vner melt
te::erat%;r a injection rressure * and zhrear at tb'e wall
of' a ca:U lary mould c the cv;eral ~ and

cose-ietproperties of lir-ear pe~ne

We -,ill later t'-a eiffez- . tne 5'in*-corQe
structure by flo. :rc:eseZ a74-7zr";e zradients

in the - -

sTRSS - nMUCE cHMn Rurroj IN LInWAR POLYM7ETINM- t--~

C.L. Ratmacd wa P.S. Kendm fu a ~L
chemistry Department, Southarpton University, Southampton- and R.I. Willis

Abstracts-

The scission of polyethylene molecules under stream in a polymer

film was studied. it is proposed that the rupture of such molecular

chains may be investigated utilising infra-red spectroscopy. since

the rs~ical initiated reaction of rupture in polymer chains my

terminate via the production of stable unsaturated end groups,

mainly in the form of carbonyl Species.

Inereases in the carbonyl absorption were detected sand the trends,

with respect to Sample thickness, the atmosphere in which the eSAIPlee

were drawn. and the offet of the actual extent of drawing were evaluated.
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